A peaked ion temperature profile is observed inside the magnetic island during mode locking after the back transition from H mode to L mode in JT-60U. The thermal diffusivity evaluated inside the magnetic island is 0:1 m 2 =s, which is much smaller than that outside the magnetic island by an order of magnitude. The present experiment gives clear evidence that ion heat transport inside a magnetic island can bifurcate and the transport level can be suppressed to the very low level associated with the strong flow shear at the boundary. Heat transport at a rational surface and/or magnetic island is important in understanding the role of rational surfaces and magnetic islands in the formation of an internal transport barrier [1] [2] [3] . This is because there is a strong link between E Â B flow shear to the location of rational surfaces and magnetic islands [4, 5] . In particle transport, a good confinement in impurity and bulk particle transport inside a magnetic island has been observed as very peaked soft x-ray profiles at the O point of the magnetic island in tokamaks [6] [7] [8] ; however, the temperature profile is usually only slightly peaked at the O point of the magnetic island [9] . The electron heat diffusivity evaluated with power balance calculations inside the magnetic island shows that electron transport inside the island was comparable to the transport in the ambient plasma [10] . In contrast, perturbation experiments inside the magnetic island using cold pulse or heat propagation show that the transport inside the magnetic island is strongly reduced with respect to the surrounding plasma [11, 12] . There is a discrepancy in the thermal diffusivity evaluated by pulse propagation and power balance inside the magnetic island in tokamak plasma [12] . It is not clear whether this discrepancy is due to the transient and steady-state heat diffusivity or the difference in the level of temperature gradient (for example, below or above the critical temperature gradient). Although the transport inside the magnetic island is a crucial issue, the characteristics are still open to question.
Heat transport at a rational surface and/or magnetic island is important in understanding the role of rational surfaces and magnetic islands in the formation of an internal transport barrier [1] [2] [3] . This is because there is a strong link between E Â B flow shear to the location of rational surfaces and magnetic islands [4, 5] . In particle transport, a good confinement in impurity and bulk particle transport inside a magnetic island has been observed as very peaked soft x-ray profiles at the O point of the magnetic island in tokamaks [6] [7] [8] ; however, the temperature profile is usually only slightly peaked at the O point of the magnetic island [9] . The electron heat diffusivity evaluated with power balance calculations inside the magnetic island shows that electron transport inside the island was comparable to the transport in the ambient plasma [10] . In contrast, perturbation experiments inside the magnetic island using cold pulse or heat propagation show that the transport inside the magnetic island is strongly reduced with respect to the surrounding plasma [11, 12] . There is a discrepancy in the thermal diffusivity evaluated by pulse propagation and power balance inside the magnetic island in tokamak plasma [12] . It is not clear whether this discrepancy is due to the transient and steady-state heat diffusivity or the difference in the level of temperature gradient (for example, below or above the critical temperature gradient). Although the transport inside the magnetic island is a crucial issue, the characteristics are still open to question.
In general, the temperature gradient inside the magnetic island is small enough to assume a flat temperature profile within the magnetic island. However, this is because the heat flux perpendicular to the magnetic flux surface bypass as the magnetic island and flows through the X point of the magnetic island. Therefore, only the power deposited inside the magnetic island can contribute to the heat flux inside the magnetic island, which is much smaller than the heat flux in the ambient plasma. In order to evaluate the ion heat transport inside the magnetic island, the precise measurement of temperature profiles with high spatial resolution is required. In this Letter, the first observation of a clear peaked ion temperature profile at the O point of a magnetic island and a significant reduction of ion thermal diffusivity inside the magnetic island are described. In JT-60U, the radial profile of ion temperature is measured with the modulation charge exchange spectroscopy [13] . This charge exchange spectroscopy gives ion temperature and toroidal rotation velocity at 310 radial points every 50 ms, which is located separately from the 12 channel electron cyclotron emission (ECE) diagnostic for electron temperature measurements by 80 degrees in toroidal angle and 130 degrees in poloidal angle. Owing to limits in the time resolution of ion temperature measurements, the peaked ion temperature is observed only during the mode locking phase, where the plasma at the magnetic island does not rotate toroidally. Figure 1 shows the time evolution of the electron temperature measured with the ECE signal near the location of the large magnetic island driven by the neoclassical tearing mode [14] . The plasma rotation stops for t ¼ 6:520-7:207 s due to mode locking. The heating power of the neutral beam injection (NBI) steps down at t ¼ 6:3 s from 21 to 15 MW by turning off three perpendicular NBIs, and the back transition from the H mode to the L mode takes place at t ¼ 6:6 s. The radial profiles of the oscillation amplitude of electron temperature have two peaks that correspond to the boundaries of the rotating magnetic island. In this experiment, the oscillation amplitude reaches up to 10% of the temperature. The location and width of the magnetic island are evaluated from the radial profile of the oscillation amplitude after the disappearance of mode locking at t ¼ 7:27 s [15] . The mode number of the magnetic island is m=n ¼ 2=1 (m is poloidal and n toroidal mode number), and the width of the magnetic island evaluated is 0:2ðr=aÞ during the oscillation phase. As seen in the expanded plot in Fig. 1(b) , the plasma rotation slows down at t ¼ 6:45 s, and finally stops completely at t ¼ 6:520 s when the X point of the magnetic island is located at the position of the ECE measurements. As seen in the expanded plot in Fig. 1(c) , the plasma starts to rotate gradually from t ¼ 7:20 s (the X point of the magnetic island is still located at the position of the ECE measurements) to t ¼ 7:207 s (the O point of the magnetic island is located at the ECE measurements), and then starts to rotate, increasing the rotation speed afterwards. During the mode locking phase, the measurements of electron temperature with ECE are along the X point of the magnetic island, while the measurements of ion temperature profiles with charge exchange spectroscopy are along the O point of the magnetic island. Figure 2 shows the radial profiles of ion temperature and toroidal rotation velocity in the H mode (t ¼ 6:57 s) and L mode (t ¼ 6:72, 6.92, and 7.07 s) phases. The edge ion temperature at r=a ¼ 0:85 drops from 3.3 to 2.0 keV at the back transition from the H mode to the L mode phase. After the back transition from the H mode to the L mode phase, the peaked ion temperature profile appears, and this peaked profile is sustained at least 200 ms without any decay, suggesting significant improvement of ion heat transport inside the magnetic island. The peaking of ion temperature becomes less pronounced and the core rotation increases in the counter direction after one perpendicular NBI and two tangential NBIs in the codirection are turned off at t ¼ 7:0 s (total NBI power drops from 15 to 9 MW).
As seen in the radial profile of toroidal rotation velocity, the plasma inside the magnetic island does not rotate, which is similar to the behavior observed in helical plasmas [5] . Since the plasma outside the magnetic island rotates in the counter direction, there is a strong rotation shear at the boundary of the magnetic island (at r=a $ 0:4 and 0.6). After the tangential beams in codirection are turned off at t ¼ 7:0 s (switching from balanced NBI to counter NBI), counter rotation increases more and strong rotation shear is observed at the boundary of magnetic island at r=a $ 0:6. This strong rotation shear would contribute to the improvement of confinement at the outer separatrix of the magnetic island (r=a $ 0:6), where a local large ion temperature gradient is observed. Since there is no toroidal rotation velocity shear inside the magnetic island, one of the candidates for a mechanism for improvement of the ion heat confinement is the convective poloidal flow inside the magnetic island [5] . It is interesting that the magnetic island plays an important role in causing the damping of toroidal rotation and producing rotation shear at the boundary of the magnetic island.
Although the peaked ion temperature profile observed inside the magnetic island is significant [T i (O point)- There is no peaking of the carbon density profile in the region of the magnetic island (r=a ¼ 0:42-0:64). The carbon density profile is slightly hollow in this discharge, suggesting the outward (from the O point to the separatrix) convection of impurity transport due to the ion temperature gradient [16, 17] . This is in contrast to the ''Snake,'' where the impurities or bulk particles are confined inside the magnetic island for a long period of the discharge [6, 7] .
In order to evaluate the thermal diffusivity inside the magnetic island, the flux surface of the magnetic island should be determined. The island flux surface can be expressed with a simple formula of ¼ ð À r s Þ 2 =w 2 h À ½cosðm À nÞ À 1=2. Here r s , w h , , and are the minor radius of the O point of the magnetic island, the half width of the magnetic island, the poloidal angle, and the toroidal angle, respectively. The island flux surface label is ¼ 1 at the separatrix and ¼ 0 at the O point. In this analysis, the plasma is divided into three areas: (i) the inner region outside the magnetic island (r=a < 0:42), (ii) the region inside the magnetic island (0:42 < r=a < 0:63), and (iii) the outer region outside the magnetic island (0:62 < r=a); the heat flux for each region is calculated by integrating the heat deposition in the divided region with the boundary condition of continuity of integrated heat flux as R Q
Because of this condition, there are jumps of heat flux normalized by density, and hence the thermal diffusivity at the separatrix of ¼ 1. Because the area of the magnetic island is much smaller than that outside the magnetic island, the heat flux inside the magnetic island is smaller than that outside the magnetic island by an order of magnitude. However, as seen in Fig. 4(a) , the temperature gradient inside the magnetic island is comparable or even larger than that outside the magnetic island.
The thermal diffusivity near the magnetic axis is low (0:1 m 2 =s) and around 1 m 2 =s at half of the plasma minor radius and increases sharply up to 5 m 2 =s toward the plasma periphery. The thermal diffusivity inside the magnetic island is constant in space and very low ($ 0:1 m 2 =s), while that outside the magnetic island is much higher ($ 1 m 2 =s). This result is different from the experimental results in TEXTOR, where the transport inside the island is comparable to the transport in the ambient plasma [10] . The reduction of ion thermal diffusivity inside the magnetic island is triggered by back transition from the H mode phase to the L mode phase. Since the heating power deposited in region (i) flows to region (iii) through the X point of the magnetic island, the global confinement time drops when the large magnetic island appears. However, the drop of confinement time is not due to the poor confinement inside the magnetic island surrounded by the separatrix.
After the back transition, the ion temperature at the separatrix ( ¼ 1) drops, causing a transient peaking of the ion temperature. If there is no reduction of ion transport, this peak should disappear within a few tens of ms. Because the reduction of thermal diffusivity simultaneously takes place, the peaked ion temperature can be sustained by a small heat flux inside the magnetic island. Figure 5 shows the time evolution of the ion temperature gradients at both sides of the peaked ion temperature profile. In this measurement, the charge exchange spectroscopy is operated in the fixed mode, where the time resolution is improved up to 5 ms but with 31 spatial channels. The positive gradient indicates the peaked ion temperature inside the magnetic island. The ion temperature gradient at the inner side of the peaked profile is $10 keV=m and almost constant in time until the plasma starts to rotate at t ¼ 7:1 s. After the plasma toroidal rotation velocity exceeds 5 km=s, which corresponds to the rotation frequency of 200 Hz, the peaked structure cannot be observed even though it exists because of the smoothing in time (the time resolution of the ion temperature measurement is not enough when the mode locking disappears).
An interesting issue is why the transport can bifurcate inside the magnetic island. When the temperature profile is flat inside the magnetic island, the turbulence is small because there is no, or only a small, temperature gradient. However, there is also no flow shear because of having no temperature gradient. In contrast, when the ion temperature becomes peaked, the turbulence is driven by the temperature gradient, but a convective poloidal flow [5] driven by the temperature gradient can contribute to the suppression of turbulence. Therefore, similar to the bifurcation between the L mode and the H mode, the magnetic island can have two possible states, one, the state with a flat temperature profile without flow shear, and the other, the state with peaked temperature with flow shear.
In a reverse field pinch (RFP) plasma, a peaked temperature profile inside the magnetic island can be observed [18] . Local power balance calculations suggest a reduced thermal transport within this island from 10 3 m 2 =s to 3 Â 10 m 2 =s. This reduction of thermal diffusivity is due to change in topology from the stochastic state to helical states. In contrast, there is no change in topology in the magnetic flux surfaces, and the thermal diffusivity drops from 1 m 2 =s to 0:1 m 2 =s due to change in turbulence states in the JT-60U experiment. The present experiment gives clear evidence that there are two states of transport inside the magnetic island. Transport analysis inside the magnetic island shows a state in which thermal diffusivity inside the magnetic island is significantly reduced to a level much lower than the transport in ambient plasma by an order of magnitude.
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FIG. 5 (color online)
. Time evolution of (a) toroidal rotation velocity and (b) ion temperature gradient inner and outer sides of the peaked profile inside the magnetic island. The location of the inner and outer sides of peaked profile are indicated by arrows in the radial profile of the ion temperature at t ¼ 6:73 s (#49715).
